Introduction
In 1981, the report of Pneumocystis carinii pneumonia and mucosal candidiasis in four previously well MSM set off 40 years of scientific endeavors to characterize what was eventually named HIV [1] . Many of the epidemiologic and basic science breakthroughs related to HIV transmission and disease pathogenesis have come from systematic collection of data from well characterized study cohorts such as the Multicenter AIDS Cohort Study (MACS), North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) and the Rakai Project, a population-based cohort study in Rakai, Uganda [2] [3] [4] [5] . Although much has been learned about the natural history of HIV, a detailed understanding of the selective factors and timing that influence HIV transmission, the determinants of immunologic disease progression, and effective prevention interventions that can be expanded to scale within affected communities, are still not fully understood or feasible for widespread implementation. Overall, use of broader HIV testing and antiretroviral treatment (ART) worldwide in conjunction with more limited prevention intervention efforts have resulted in a decrease in incident HIV infection in many geographic regions, with the notable exception of many communities of MSM in which HIV incidence is still increasing [6 ] . This review summarizes recent advances derived from cohort studies that increase our understanding of the challenges that may limit control of HIV within MSM communities. The resurgent epidemics among MSM highlight the need for additional studies to investigate the incidence of HIV globally and the factors that influence transmission, including risk behaviors and sexual network characteristics.
The prevalence and incidence of HIV/AIDS among MSM As described in the 2009 UNAIDS Global AIDS Report, HIV prevalence is high among MSM on all continents as demonstrated by the countries of Denmark (12%), Canada (15%), Chile (20%), Myanmar (29%), Senegal (22%), and Jamaica (32%). These high rates are accompanied by rising incidence rates of HIV among MSM, as seen in the USA and France despite little change in overall population incidence [6 ,7,8 ,9] . A review of HIV incidence among MSM in the USA demonstrated an increase from 1.8 per 100 person-years in 1995 to 2.5 per 100 person-years in 2006 [10] . Similar increases have been observed in the Amsterdam Cohort Study, with HIV acquisition increasing from 1.0 per 100 personyears in 1992 to 2.0 per 100 person-years in 2009 [11 ] . The incidence of HIV among MSM has also been estimated to be high in Thailand (7.7 per 100 person-years in 2007) and in three Chinese cities from prospective cohort studies performed in 2005-2007, with rates ranging from 2.6 to 5.6 per 100 person-years [12] [13] [14] [15] . Worldwide, MSM are at much higher risk than non-MSM for HIV infection, with an estimated odds ratio (OR) of 10 in high prevalence countries and 60 in low prevalence countries [16] . However, despite the high risk for HIV infection in MSM around the world, many countries are not dedicating appropriate resources to HIV prevention or studies to characterize unique HIV risks in MSM populations [6 ] . For example, 'the proportion of HIV prevention expenditure devoted to programmes for sex workers and their clients, MSM and people who inject drugs, is only 1.7% in Burkina Faso, 0.4% in Cô te d'Ivoire and 0.24% in Ghana, yet the percentage of new infections in these population groups is 30, 28 and 43%, respectively' [6 ] . Appropriate resources dedicated to HIV prevention can be successful, as demonstrated by a worldwide reduction in new HIV cases from 3.1 million in 1999 to 2.6 million in 2009 occurring primarily in highly effected countries in sub-Saharan Africa through behavioral changes, prevention interventions and roll-out of ART [6 ] . Ecological studies in the USA and Canada have also demonstrated an association between reduction in community viral load levels and reduction in HIV incidence among MSM [17 ,18 ] . These data combined with provocative statistical models of the effect of universal testing and ART have led to a keen interest in evaluating early HIV treatment as a potential countermeasure to the resurgent HIV epidemic [19] .
Sexual transmission of HIV
HIV cohort studies begun as early at 1983 have improved our understanding of HIV pathogenesis by evaluating and characterizing risk factors associated with disease acquisition and progression among MSM [1] . Anal sex as a mode of HIV transmission was identified as early as the first landmark publications describing unique opportunistic infections, later characterized as AIDS, among MSM [1, 20] . Sexual transmission accounts for more than 90% of incident HIV in the USA [21] , yet the factors that most significantly influence HIV transmission are not fully understood within populations, networks or individual sexual encounters.
Unprotected anal intercourse (UAI) is the main risk factor for HIV among MSM as demonstrated by a 20-fold increased risk of HIV seroconversion over 6 months among MSM who reported UAI compared with those who did not [22] . Estimating the per contact risk of HIV acquisition associated with different behaviors and practices remains a major challenge, particularly when attempting to adequately control for potential confounding influences from host, viral and biological determinants [23] . A recent meta-analysis of multiple cohort studies provided a summary estimate of 1.4% [95% confidence interval (CI) 0.2-3.5] risk of HIV acquisition per episode of unprotected receptive anal intercourse (URAI) with no difference between MSM and heterosexuals (HET) [24 ] . As with HET studies, there was considerable variability in the estimates provided by available studies leading the authors to conclude that individual factors may influence transmission rates and future studies will need to be more judicious in collecting the characteristics of the sexual behavior for both the source partner and the HIV-infected individual [23, 24 ] .
Although circumcision has been well documented to reduce the risk of HET transmission, recent studies have failed to show a reduced risk of acquiring HIV related to circumcision among MSM [25] [26] [27] . When analyses are restricted to MSM who engage only in insertive anal sex (being the 'top' with an HIV-positive partner), circumcision was associated with a possible modest protection from acquisition of HIV [28, 29] . These data are suggestive, but not necessarily conclusive, that circumcision does not provide the same significant risk reduction for HIV transmission among MSM that has been observed among HET partnerships [30] [31] [32] . However, available studies evaluating the effect of male circumcision on HIV transmission among MSM are limited by relatively small sample sizes and difficulty in controlling for versatility of sexual positioning (being both a top and bottom for anal sex) among MSM, and thus, further studies are warranted before definitive recommendations on circumcision for prevention among MSM can be provided [33 ] .
ART use by the infected partner in HIV discordant HET relationships is associated with a significant reduction in HIV transmission and ART used by uninfected MSM for preexposure prophylaxis (PrEP) is associated with a42% reduction in HIV acquisition [34 ,35] . Longterm adherence to ART for HIV-infected and PrEP for HIV-uninfected persons, will remain key challenges treatment interventions used to reduce HIV incidence [36] . Expanding novel treatment interventions to scale in MSM will also require dedicated resources and community education. Knowledge of PrEP or postexposure prophylaxis (PEP) among MSM in New York to prevent HIV transmission was reported by only 46%, implying a need to educate communities on prevention options [37] . In addition, despite widespread use and potent invivo efficacy, ART use is not universally associated with complete and durable virological suppression, which could limit its effectiveness as a prevention intervention. The Swiss HIV cohort followed 6909 participants for a median of 4.5 years for self-reported ART adherence and found that although 78% of all visits were characterized by no missed doses, only 51% of MSM maintained 100% adherence in long-term follow-up [38 ] . In this large group of study participants, 13% consistently reported missing doses of ART in the previous 3 months and the remaining patients had missed doses during further follow-up. It was not evident that any of the nonadherence led to breakthrough viremia. In another Swiss cohort analysis, HIV transmissions in phylogenetically linked transmission clusters (groups of individuals with nearly identical HIV genetic sequences) were linked to individuals who discontinued ART after early treatment for primary infection [39 ] . Treatment of HIV that results in CD4 cell recovery and improved wellness has also been associated with increased sexual activity in a cohort of US MSM [40] . Therefore, as individuals are identified and treated earlier in the course of disease, sexual activity is likely to increase and failure to maintain viral suppression in HIV-infected individuals through ART may lead to increased HIV transmission risk. To adequately understand the implications of earlier and more widespread ART on HIV transmission risks, well designed studies are needed, especially among MSM populations.
Sexual risk behavior
A recent report summarizing condom use with the last anal sex act among MSM from 78 countries showed that use ranged from 11% in Greece to 89% in Suriname [6 ] . In 31% of the 78 countries reporting results in 2009, condom use with the last anal sex partner was reported by less than half of MSM. Among recently infected MSM from Seattle, 69% reported UAI with a HIV-positive or unknown status partner compared with 32% in HIVuninfected controls (P < 0.01) [41] . The longitudinal Swiss HIV cohort analysis of 2840 HIV-infected MSM examined predictors of unprotected sex [42 ] . This study identified HIV infection status of sexual partners as the strongest predictor of UAI with 89% of HIVinfected MSM reporting consistent condom use with a stable HIV-negative partner, whereas 48% reporting condom use with HIV-infected partners [42 ] . In further analyses, the authors found that the use of condoms was lower among MSM with complete virologic suppression related to ART (OR 2.41; 95% CI 1.35-4.30) [42 ] . Other predictors of decreased condom use included use of illicit drugs (OR 1.71; 95% CI 1.05-2.78) and older age (OR per 10 years older, 0.86; 95% CI 0.75-0.99) [42 ] . A decline in condom use in the MACS cohort (MSM and bisexual men) was associated with 'safe sex' message fatigue and a reduced concern about HIV [43] . As ART use is expanded in response to expert panel recommendations to start ART at earlier stages of HIV disease [44] , monitoring of potential 'risk compensation', an increase in risk behavior related to perception that the absolute risk of HIV transmission is less, is critical. Significant changes in risk behavior among those receiving ART could potentially offset the benefits of earlier ART initiation [45] .
Drug use
Substance use, particularly methamphetamine, remains a major predictor of incident HIV in some MSM populations in the USA [41, [46] [47] [48] . Methamphetamine use is associated with two-fold to three-fold increase in risk of both HIV acquisition and UAI for HIV-infected MSM with partners of negative or unknown status [42 ,49] . Although data are scarce for other parts of the world, methamphetamine use has been reported in 110 countries [50] , with use associated with recent HIV infection in Australia [51] . Increasing methamphetamine use among MSM in Thailand in addition to current widespread international use suggests the potential for a globally expanding syndemic of methamphetamine use and HIV [12, 51] . However, despite the recognized increased HIV risk with methamphetamine use, effective behavioral interventions are limited. Project Mix, a randomized controlled trial of a group-based cognitive behavior intervention, showed no additional risk reduction compared with routine testing and counseling [52] .
In addition to HIV transmission risks associated with methamphetamine use, a growing body of evidence indicates that use of erectile dysfunction drugs (EDDs) among MSM is a risk factor for recent HIV infection [43, 48, 51] . Use of EDD by MSM has been associated with UAI and with high-risk activities such as sex marathons [53, 54] . These data do not suggest that appropriately used EDD will increase the risk of HIV transmission as documented by a lack of 'high-risk' sexual behavior among men with EDD prescriptions [55 ] . However, EDD use may be more frequent among MSM with chronic HIV infection because of sexual dysfunction rates as high as 21% and these same individuals may have lower adherence to ART due to perceived side-effects and pill burden [56] . The role of EDD in HIV transmission is complex, but may represent a significant transmission risk both within groups of highrisk methamphetamine sensation-seeking individuals and networks of mixed serostatus.
Seroadaptation
The selection of sexual partners by HIV status within the MSM community has been called seroadaptation and includes risk reduction strategies such as condom use and strategic positioning [57, 58] . Longitudinal data for HIV-infected MSM from San Francisco showed that the relative risk (RR) for individual partnerships of having UAI with a perceived same status partner was 5.11 (95% CI 3.22-8.18) compared with a discordant status partner [58] . However, it remains unclear whether serosorting by HIV status is an effective method to reduce HIV transmission [59, 60] . HIV-uninfected MSM in Australia who serosorted by HIV-negative status and developed stable partnerships had a risk of acquiring HIV not significantly different from those without UAI over 1000 person-years of follow-up [61] . Serosorting was found to reduce the risk of HIV acquisition in the Project EXPLORE cohort of HIV-negative MSM enrolled in six US cities, with an OR of 0.88 (95% CI 0.81-0.95) [62 ] . Individuals in the EXPLORE study underwent regular HIV testing, suggesting that these individuals knew their HIV status. These studies suggest that serosorting could be effective, conditional on regular HIV testing and development of stable partnerships. Further cohort studies are needed to adequately determine whether optimization of serosorting can be achieved through routine testing and facilitated status disclosure.
Sexual networks
Seroadaptative behaviors have the potential to create sexual networks that are enriched for persons with HIV infection, providing the potential for greater HIV transmission risk from these networks. Evidence of higher risk sexual networks can be found in phylogenetic analyses of HIV transmission clusters from San Diego, USA and in Brighton, UK [63, 64 ]. Clusters of HIV infections are also associated with internet and bathhouse use among those seeking sexual partnerships in Hong Kong [65] and these venues were both associated with recent HIV infection in Seattle, USA [41] . Recent HIV infection in the source partner was identified as the most significant factor associated with HIV transmission in a UK study (P ¼ 0.0008).
Sexual concurrency, or the practice of having sexual partners that overlap in time, represents another behavioral risk that may increase the rate of HIV transmission [66] . Fifty percent of MSM from Shenzhen, China reported a concurrent sexual partner, whereas studies from South Africa show that 16% of MSM also had a concurrent female partner; however, these studies did not evaluate HIV transmission rates [67, 68] . Surprisingly, few studies have evaluated concurrency among MSM from resource-rich countries. In the USA Blacks and other racial minority groups demonstrate higher rates of HIV infection than Whites and there is some evidence that increased concurrency and partner-related risk reduction among persons of color may explain some of the race-related HIV transmission disparities among MSM [69] [70] [71] . Compared with other races, Black MSM were three times more likely to have concurrent partnerships in the previous 6 months and these partners were more likely to belong to the Black racial group and intergenerational [71] . Residential geography among MSM may also account for some disparity in HIV risk. The Young Men's Survey analysis of neighborhood characteristics suggested that URAI among Black and Latino MSM was less among those in neighborhoods with high gay presence [72] . These data suggest that evaluation of contextual factors, sexual network structure and partnerships are important for developing prevention strategies, though further research is needed to develop effective network level interventions.
Sexual transmitted infections
Sexually transmitted infections (STIs) have been used as a surrogate for high-risk sexual behavior among MSM and are recognized as an independent biological risk factor for HIV infection [73] . Anal gonorrhea among MSM from the Australian HIM cohort was the strongest predictor of HIV with an adjusted hazard ratio of 7.1 (95% CI 1.62-8.14) [61] . Although the pharynx may not represent a significant source of HIV transmission risk, it may serve as a reservoir for gonorrhea, wherein incidence can be as high as 11% per year for MSM [74, 75] . In contrast, the potential for the pharynx to act as a reservoir for chlamydia infection is less likely, with infrequent recovery of chlamydia from the pharynx of MSM compared with the rectum [74, 76, 77] . Although rates of STI appear to be high among MSM, serosorting sexual networks can be associated with a paradoxical increase in STI frequency without increasing HIV transmission rates [78] . For example, a resurgence of syphilis among MSM has been observed around the world without a concurrent increase in HIV transmission rates [79] [80] [81] . STIs still remain an important co-factor for HIV infection and annual screening for syphilis, gonorrhea and chlamydia at exposed sites among MSM is highly recommended by the Center for Disease Control with more frequent screening for those at highest risk [82] .
Stigma and criminalization of homosexuality
In many countries of the world, stigma related to both HIV infection and homosexuality has limited social acceptance and access to care [83] . Stigma in the most general terms refers to a 'dynamic process of devaluation that significantly discredits an individual in the eyes of others' [83] . Research to evaluate predictors of HIV infection has been limited in communities in which significant HIV stigma is reported [6 ,84 ,85] . This may be a result of insufficient resources, unwillingness to consider HIV transmission a problem among MSM communities and the frequent social discomfort that is associated with MSM sexual behaviors, resulting in an outright criminalization of same sex partnerships in 85 countries (as of 2007) around the world [16, 83, 86] . Criminalization of HIV transmission from all risk groups is prominent around the world, despite strong arguments against the use of legal means to deter risk behavior and HIV transmission [87, 88] . Limiting the criminalization of homosexuality and HIV transmission in general is recommended by UNAIDS and is critical to improved studies of HIV among MSM [89, 90] .
Conclusion
HIV incidence remains higher among MSM compared with all other risk groups in almost every part of the world [16] . There is hope that increased access and use of ART may be effective in reducing HIV transmission rates [19] . Future studies to evaluate the impact of intensified HIV testing, linkage to care and ART initiation, the 'test and treat' paradigm, are needed to evaluate both the limitations of this strategy and the potential benefits [3,64 ,91,92] . The success of the 'test and treat' strategy will be greatly influenced by how much transmission is perpetuated from the earliest stages of infection, something that is not known at this time with certainty [93] . It is important to note that population level ecological studies are subject to bias (i.e. ecological fallacy) and evidence of HIV prevention efficacy resulting from either ART, behavior modification, or both, will ideally require validation in well characterized study cohorts [94] . Achieving a reduction in prevalent HIV infections with currently available prevention efforts remains a challenge. It is estimated that a 50% reduction in incident HIV in the USA would be associated with a 20% increase in HIV prevalence for those living with HIV over 10 years [95 ] . To achieve a significant reduction in HIV transmission among MSM, multilevel prevention approaches are needed that include not only individual level interventions, such as ART and behavioral modification, but also effective targeted prevention interventions for both high-risk communities and sexual networks.
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